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Abstract 
The urinary bladder wall of a human being is of vital importance since it protects the bladder and also provides the 
flexibility by stretching during urine storage. The bladder wall thickness helps in the detection and analysis of various 
abnormalities associated with the urinary bladder like the detrusor instability and benign prostatic hyperplasia.  This 
paper presents a novel technique for finding the bladder wall thickness by employing automatic edge based image 
segmentation of the urinary bladder from a 2D ultrasound image. The initial ultrasound bladder image is subjected to 
various stages of processing to obtain the final segmented image.  This procedure is simple, accurate and more 
importantly, it is non-invasive and costs lower. The study of the bladder characteristics would provide valuable 
information about the abnormalities of the bladder and the extent of the abnormality. This novel yet simple procedure 
can find promising applications in places where affordability of medical treatments is an important consideration. 
Experimental results show good performance of the proposed model in segmenting urinary bladder to measure its 
exact thickness.  
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1. Introduction 
In an image only certain parts consist of useful information which is rendered as the area of interest. 
These parts are frequently referred as a target. They generally correspond to the image in a specific and 
unique nature of the area. It needs to be extracted and separated in order to identify and analyze the object 
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or the area of interest. Image segmentation is a technique which divides the image into different regions 
and extracts out the interested target.  
Image processing gives emphasis on the transformation within the images and improves the visual 
effects of image. Image analysis is mainly used to monitor and measure the interested targets in the image 
in order to extract information and as a result build up a description of the image. The key point of the 
image understanding is the further study on the nature of each target and the linkage of each other. 
Image segmentation is a key step from image processing to image analysis and it occupies an important 
place. On one hand, it is the basis of target expression and has important effect on the feature 
measurement. On the other hand, it acts as the target expression based on segmentation, the feature 
extraction and parameter measurement that convert the original image to a more abstract and compact 
form. Thus it becomes possible to make high-level image analysis and understanding. In the actual 
production life, the application of image segmentation is very wide and has almost appeared in all related 
areas of image processing [1].  
Ultrasound imaging is one of the main attractions of imaging modality due to its non-invasive 
characteristic and the ability to distinguish interfaces in between soft tissues.  Diagnostic ultrasound is 
applied for obtaining images of almost all internal organs of the abdomen. The area of interest of study is 
the urinary bladder. 
In this paper, the concept of image segmentation is effectively applied on the ultrasound image and the 
proposed algorithm for the measurement of bladder thickness is implemented. 
Ultrasound bladder wall thickness measurements became popular for measuring, quantifying, and 
monitoring bladder outlet obstruction and clinical benign prostatic hyperplasia (BPH) in men [2-6], for 
detecting detrusor overactivity in women [7-9] and for assessing urethral valves or abnormal urethral 
function in children [10-11] which are all associated with increased bladder wall thickness (BWT). 
 In addition, bladder cancer is reported to have high recurrence rate after resection of the tumors (as 
high as 80% [12]). Therefore, developing an effective and non-invasive tool for detection of the bladder 
abnormalities and re-examination after the tumor resection is crucial for management of the deadly 
carcinoma. 
 
2. Existing Methodology 
 
At present the bladder wall thickness is obtained by manual means like the trackball arrangement.  
Here the operator marks points over the boundary manually. The marked points are approximated and 
then the bladder wall thickness is calculated. The accuracy of this method depends on the tracking points 
marked by the operator. Other methods that are employed are based on Invasive examinations of the 
patients and are highly undesirable since it can cause infections in the urinary tract.  
 Computed Tomography and Magnetic Resonance Imaging of the bladder are also being widely used 
for measuring the bladder thickness. But the main drawbacks of these techniques are the exposure to 
ionizing radiations in case of CT examination and the comparatively higher cost involved in both these 
procedures. Thus there is an immense need of a cost effective, simple yet accurate methodology for 
estimating the urinary bladder thickness. 
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3. Proposed Method 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.1.Block diagram of steps involved in the proposed methodology 
 
3.1 Basic steps of pre-processing 
 
The steps involved in pre-processing are explained in the following paragraphs. 
 
3.1.1 Low pass filter  
 
The low pass filter seeks to remove unwanted noise from an image while at the same time preserving 
all of the essential details that an observer would wish to see in the original image.  Image noise generally 
manifests itself as random fluctuations in grey-level values superimposed upon the ‗ideal‘ grey-level pixel 
value, and it usually has a high spatial frequency. 
Low pass filter is applied to the input image in order to allow the low spatial frequencies in the ‗ideal‘ 
image to pass through while attenuating the high spatial frequencies of the noise components.  
Unfortunately it is impossible to retain all the ‗ideal‘ image detail in such a smoothed image and hence 
some degradation of the image will occur.. 
The filtering operation can be implemented by convolving the entire image with a simple 7 x 7 window 
or mask. 
The application of the window mask less than 7 x 7 resulted in less removal of noise and similarly a 
mask with a window greater than 7 x 7 resulted in over blurring of the image. The image was ready for 
further processing only with a 7 x7 window mask. 
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Figure.2.Low pass filter mask 
 
The application of the low pass filter of size was done by replacing each pixel value by the average or 
mean of its immediate neighbors.  The averaging process has the effect of ironing out significant gray-
(1/49) x 
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level differences between pixels in a neighborhood.  This technique reduces image noise but at the 
expense of significant image blur as it tends to smear the edges of objects in the image [13].   
 
3.1.2 Thresholding  
 
Binary images are much simpler to analyze than gray-scale images, but raw images often cannot be 
converted directly to binary without some preprocessing.  Therefore there is often a need to threshold a 
gray – scale image to obtain a binarised version so that the image can be segmented into foreground and 
background regions.  There is a special case of intensity quantization called ‗binarisation‘ where an image 
is generated with only two gray – levels, black and white.   
 
 
 
 
 
 
 
            
 
 
 
Figure.3 Thresholding Function 
 
 A threshold value, T, is used to partition the image into pixels with just two values as referred in 
equation 2 and 3. 
 IF f(x, y) >= T THEN   g(x, y) = 255                            (2) 
 IF f(x, y) < T   THEN   g(x, y) = 0                           (3)  
Where g(x, y)-(output image) denotes the binarised version of f(x, y)-(input image) 
 The binary image will be highly dependant on the value of T, the threshold value. 
 From segmentation point of view, thresholding is a method of producing regions of uniformity 
within an image based on some threshold criterion T [14]. 
Thresholding is called adaptive thresholding when a different threshold is used for different regions in 
the image. This may also be known as local or dynamic thresholding. In this application the image is 
differentially thresholded at various parts in order to arrive at the most accurate estimate. The system has 
been programmed for the automatic adaptive threshoding using Matlab software. Only a few portions of 
the ultrasound bladder image contains the information pertaining to the bladder wall. The thresholding 
technique is hence applied to suitably differentiate the bladder wall from other regions in the image based 
on the  various continuities and discontinuities present in the image.  
 
3.2 Edge Detection 
 
 The binary images cannot be directly taken up for processing. So the edges of the image are 
detected by sobel operator and it is considered for further processing. The sobel operator was found 
having the advantage of providing both a differencing and smoothing effect. 
 Because derivatives enhance noise, the smoothing effect is a particularly attractive feature of the 
sobel operator.  The sobel operator is recognized as one of the best and simple edge operators.  It utilizes a 
3 x 3 mask.  The origin of the weight masks is obscure, and they were probably derived empirically in the 
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first place, however it is clear that they apply more weight to the central pixel finite differences than the 
horizontally or vertically adjacent ones[15]. 
Derivatives based on the sobel operator masks are given in equations 4 and 5. 
 Gx(m,n) = (Z7+ 2Z8 + Z9) – (Z1 + 2Z2 + Z3)          (4) 
          Gy(m,n) = (Z3 + 2Z6 + Z9) – (Z1 + 2Z4 + Z7)         (5)   
 
 Where, as before, the Z‘s are the gray levels of the pixels overlapped by the masks at any 
location in an image.  A computation of the gradient at the location of the center of the masks then utilizes 
the equations to find the magnitude and direction, which gives one value of the gradient.  To get the next 
value, the masks are moved to the next pixel location and the procedure is repeated.  Thus, after the 
procedure has been completed for all possible locations, the result is a gradient image of the same size as 
the original image.  As usual, mask operations on the border of an image are implemented by using the 
appropriate partial neighborhoods. 
 The pixel location (m,n) is declared as an edge location if G(m,n) exceeds some threshold T. The 
edge map gives the necessary data for tracing the object boundaries in an image. 
 
3.3. Thickness Calculation and Conversion to Real Time Units 
 
  The edge detected image can then be effectively used to find the distance between the walls of 
the bladder in the image. This distance between the pixels can be converted into a real time value by 
multiplying it with a desirable conversion factor. The conversion factor can be estimated by comparing 
the pixel distance obtained in this method with the value of the distance obtained from already available 
techniques over several points in bladder wall.  Repeated and careful calculation of the bladder wall 
thickness value is obtained using the available techniques over several samples and this is used to initially 
calibrate the system to provide the accurate estimate. After the system is initially calibrated, the system 
performs all the operations automatically for the forthcoming samples and returns the bladder wall 
thickness in real time units. Similar values are then obtained at various points on the wall and the 
cumulative average of these wall thickness values is the estimate of the exact bladder wall thickness. 
 
4. Results and Discussions 
 
The proposed algorithm is tested for various ultrasound bladder images successfully and appreciable 
results were obtained for the samples. The various results obtained are thus shown from figure 4-8. 
 
Figure.4 Original Ultrasound Urinary Bladder Scan Image 
 
The Figure.4 shows the ultrasound bladder scan image of size 256x256x8 of gray scale. This is 
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considered to be the original image taken up for processing. 
 
 
Figure.5.Original Ultrasound Urinary Bladder Scan Image 
              
The Figure.5 shows the image after applying the lowpass filter mask of size 7x7 on to the original 
image. The noises are removed and it results in the blurring of the image.  
 
Figure.6.Differentially Thresholded Image 
  
The Figure.6 shows the binarised version of the lowpass filtered image which will be easier to do 
further processing. 
 
Figure.7.Edge Detected Image 
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The Figure.7 shows the application of Sobel gradient operator over the thresholded image to extract the 
edges. 
 
 
 
Figure.8.Distance Between the Wall Edges at Various Points 
 
   The Figure.8 shows the distance measures between the wall edges at various points obtained using 
Matlab.  
  These obtained pixel distance values can be multiplied with the calculated multiplication factor to obtain 
the real time value and the average of these values at various points can then be estimated as the value of 
the bladder wall thickness as explained in section 3.3. 
5. CONCLUSION 
Thus the proposed method of edge based image segmentation is novel and highly reliable in 
terms of accuracy of the results since the values are obtained from several points on the bladder wall and 
then averaged when compared to manual procedures that consider the thickness values at only few points. 
Also the technique is fully automatic and hence it helps in drastically reducing the high possibilities of 
human errors that might occur during the manual tracing of the bladders‘ boundaries. The automatic 
image segmentation and edge detection facilitates dynamic mapping of the bladder edges which is not 
possible using the other available techniques. Moreover, the entire technique uses the ultrasound modality 
which is non-invasive and hence is superior in terms of ease of implementation and use both for the 
clinician and the patient. Also it helps in reducing the computational time and thereby improving the 
overall efficiency of the system. Thus this method is relatively superior in all terms when compared to the 
conventional techniques available and can serve as a reliable and robust tool for diagnosing the various 
bladder dysfunctions by determining the bladder wall thickness.  
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